HIV and cervical cancer are intersecting epidemics in many low-resource settings, yet there are few accurate estimates of the scope of this public health challenge. To understand disease prevalence and risk factors for cervical intraepithelial neoplasia 2 or greater (CIN2+), we conducted a cross-sectional study of women undergoing cervical cancer screening as part of routine HIV care in Kisumu, Kenya. Women were offered screening with visual inspection with acetic acid, followed by confirmation with colposcopy and biopsy as needed. Univariable and multivariable analyses were carried out to determine clinical and demographic predictors of prevalent CIN2+. Among 3241 women screened, 287 (9%) had an initial diagnosis of biopsyconfirmed CIN2+. On multivariable analysis, combined oral contraceptives remained significantly associated with detection of CIN2+ among women on HAART (AOR 1.84, CI 1.20-2.82), and not on HAART (AOR 1.72, 95% CI 1.08-2.73), while use of a progesterone implant was associated with increased detection of CIN2+ (AOR 9.43, 95% CI 2.85-31.20) only among women not on HAART. CD4+ nadir over 500 cells/mm 3 was associated with reduced detection of CIN2+ (AOR 0.61, CI 0.38, 0.97) in the overall group, but current CD4+ was only associated with reduced detection of CIN2+ among women not on HAART (AOR 0.42, CI 0.22, 0.80). In conclusion, a history of less severe immunosuppression appeared to reduce risk of CIN2+ detection, but current CD4+ count was significant only in non-HAART users. The association of CIN2+ with hormonal contraception should be explored more in prospective studies designed to better control for confounding factors.
Introduction
HIV and cervical cancer are intersecting epidemics in sub-Saharan Africa, where three quarters of the world's HIV-infected women live and cervical cancer is the second most common cause of cancer-related death in women. 1, 2 HIV-infection increases a woman's risk of human papillomavirus (HPV) infection as well as persistence and development of HPV-related precancerous and cancerous lesions. 3, 4 These risks increase as HIV-related immunosuppression worsens. 5 Access to highly active antiretroviral therapy (HAART) in sub-Saharan Africa has dramatically increased over the past decade, improving life expectancy for millions of women living with HIV. 6 However, the impact of HAART on the development of cervical precancer and cancer remains unclear. 7, 8 As a result, there are substantially more women living longer with HIV who remain at higher risk for cervical disease.
Despite the number of HIV-infected women at risk for cervical cancer in sub-Saharan African countries, the magnitude of the problem has not been well described due to a lack of population-based screening programs. Estimates of cervical intraepithelial neoplasia 2 or greater (CIN2+) among HIV-infected women in this region vary widely in published reports, from 7% to 79%. [9] [10] [11] [12] Some estimates are based on cytology or visual inspection with acetic acid (VIA) results without colposcopic or biopsy confirmation, 13, 14 while others give aggregate risk for any CIN, rather than CIN2+, the immediate cervical cancer precursor targeted for outpatient treatment. 15 Studies looking at factors associated with CIN2+ prevalence face the additional challenge of defining the longitudinal relationship between various demographic and HIV-related characteristics, especially HAART use and its impact on CD4+ count.
Accurate estimates of CIN2+ prevalence are essential for program planning, including protocol design, staff needs, costs, and prediction of population impact. Identification of factors that may put HIV-infected women at increased risk for the development of CIN2+ are also important, as they may potentially impact clinical care decisions regarding both HIV-treatment and priorities for cervical cancer screening. We sought to measure the prevalence and predictors of newly diagnosed CIN2+ in a previously unscreened cohort of HIV-infected women in Kenya.
Methods

Study Design
Cervical cancer screening was offered to women enrolled in care at two HIV clinics supported by the Family AIDS Care and Education Services (FACES) in Kisumu, Kenya starting in October 2007, where previously no organized screening program had been in place. 16 At the main clinical facility, non-pregnant women aged 23 and older were invited for screening with VIA. Those with a positive VIA underwent immediate colposcopy with biopsy for confirmation of any lesions suspicious for CIN2+. Two satellite sites fed into the main clinical facility. At one satellite clinical research site, women underwent cytology screening and were referred for cervical cancer screening with the above protocol if they had results of atypical squamous cells of undetermined significance (ASCUS) or greater. At the second satellite site, women with a positive VIA had an immediate follow-up visual inspection with Lugol's iodine (VILI). Women with a positive result on both VIA and VILI were referred for colposcopy at the main clinical facility. Clinicians biopsied areas suggestive of CIN2+ by standard colposcopic criteria or if the colposcopy was unsatisfactory. 17 Final diagnoses were based on the colposcopy and histopathology results. Results were categorized as negative (normal squamous epithelium), inflammation, CIN1, CIN2, CIN3, or invasive cancer. For specimens with more than one diagnosis, the participant outcome was defined as the most severe diagnosis. Women with CIN2+ confirmed on biopsy were offered treatment with Loop Electrosurgical Excision Procedure (LEEP) in the clinic. For program planning, lesions were assessed at the time of LEEP to determine whether they would be amenable to treatment with cryotherapy. Clinicians assessed cervical architecture, size of lesion or extension into the endocervical canal. All LEEP specimens were sent for pathological evaluation. Decisions on follow-up or additional treatment were based on the most severe diagnosis at the time of biopsy or LEEP. LEEP was performed on "coag" for optimal hemostasis, so specimen margins were not assessed.
Approval for this analysis of program data was obtained from the Committee for Human Subjects Research at the University of California, San Francisco and the Ethical Review Committee at the Kenya Medical Research Institute.
Statistical Methods
Information from the cervical cancer screening visit was collected on a paper form and entered into an Access database (Microsoft, Redmond, WA). Demographic variables and clinical information were obtained from enrollment in care until date of screening through the electronic medical record system (OpenMRS). Due to very small numbers and poor performance of visual screening as a diagnostic tool among older women, analyses were limited to women under 50 in order to accurately assess clinical and demographic predictors. 18 To assess sensitivity of the results to further age effects, we repeated analyses within women up to 40. To address missingness in demographic variables (ranging from 0.6% for duration in HIV care to 77.1% for gravida), we performed multiple imputation using chained equations with logistic regression, ordinal regression and predictive mean matching. Observations with missing biopsy results and unknown duration of HIV clinical care were excluded in imputations and subsequent analyses. We imputed 80 datasets and assessed plausibility of the imputed values using diagnostic plots. Imputation was performed for the full data and within strata of HAART for the stratified analyses.
We tested initial predictors of CIN2+ using logistic regression, controlling for age (in years and age squared to account for non-linear relationship) and screening site. To explore the relationship between HIV-related variables and CIN2+ through multivariable models, the predictors were divided into two groups. Trends in odds ratios across categorical predictors were assessed using the generalized least squares test for trend. In order to capture disease severity unmediated by HAART use, we looked at CD4+ count nadir and duration in care prior to HAART initiation or prior to screening for those women not on HAART. With the second group of variables, we sought to describe current health status by looking at CD4+ count at screening and duration HAART for those on HAART. Two sets of multivariable models were constructed to look at these HIV-related predictors separately; both included contraceptive use reported within 90 days of the screening visit and predictors that were significant in the analyses adjusted for age and site. In the model including current health status variables, participants were stratified by HAART use because of the complex relationship between HAART and the clinical and immunological variables. All statistical analyses were performed in Stata 12 (StataCorp LP, College Station, Texas).
Results
Between October 3, 2007 and October 22, 2010, 3241 women between 23 and 50 were screened for cervical cancer at three FACES-supported clinics in Kisumu. An additional 224 women over 50 were screened but are excluded from this analysis due to age criteria. Among the 2,208 women (68%) screened with VIA followed by colposcopy at the main clinical facility, 22 (0.8%) had been referred for screening based on abnormal cytology results. The remaining 1,033 (31.8%) were screened using VIA/VILI at a peripheral site, with referral to the main facility for colposcopy. The median age was 32.8 (interquartile range (IQR): 28.5-38.6) years, 53.3% were either married or living with a partner and 34.4% were not using a non-barrier method of contraception. The median CD4+ count at the time of screening was 356 cells/mm 3 (IQR: 218-530); median CD4+ count nadir while enrolled in care was 291 cells/mm 3 (IQR: 173-444). Forty eight percent of women had WHO 1 or 2 stage disease, and 50.1% were on HAART.
Eight hundred and fourteen colposcopies were performed for either a positive VIA alone, or a positive VIA followed by positive VILI. Only 16 (2.0%) of women had unsatisfactory colposcopy. Among the women undergoing colposcopy, 544 (66.8%) had at least one site biopsied for suspicion of CIN2+ or unsatisfactory colposcopy. The most common abnormal colposcopic findings were aceto-white (724, 88.9%) or iodine-yellow (534, 66%) areas, followed by less common findings of mucosal bleeding (44, 5.4%), punctation (29, 3.6%), mosaicism (13, 1.6%) and atypical vessels (7, 0.9%). Pathology results were available for 488 (89.7%) of the women who had a biopsy performed during colposcopic evaluation. Of these, 287 (58.8%) were diagnosed with CIN2+ reflecting an overall disease prevalence in this population of 8.8%. This group included nine women with a histologic diagnosis of invasive squamous cell carcinoma, reflective of 0.3% prevalence of cervical cancer in this population. Findings of abnormal vasculature on colposcopy (punctation, mosaicism or atypical vessels) did not significantly increase the odds of CIN2+ on biopsy (OR 1.14, 95% CI 0.55-2.37). The remainder of the biopsies showed inflammation (75, 15.4%), CIN1 (58, 11.9%), squamous metaplasia/normal tissues (47, 9.6%) or were unsatisfactory for evaluation (21, 4.3%).
Two hundred and one (67%) women with CIN2+ underwent a LEEP at FACES. At the time of LEEP, 16 (8.0%) had lesions > 2.5cm, 32 (15.9%) had lesions that could not be completely visualized due to extension into the endocervix and 5 (2.5%) had both characteristics. Final LEEP pathology results were available for 145 (72.1%) women. While 133 (92%) had CIN2+ on their LEEP specimen, agreeing with their original pathology, 11 (8%) had less severe lesions, including CIN1, cervicitis and normal squamous epithelium, and one (0.7%) had invasive squamous cell carcinoma.
On analysis controlling for age and screening site, women diagnosed with CIN2+ were significantly younger, had fewer prior pregnancies, were more likely to have used a progesterone implant or combined oral contraceptives and, among those on HAART, had been on HAART for a shorter period of time (Table 1 ). Higher CD4+ count at screening was associated with lower odds of CIN2+ diagnosis, with a significant trend across categories (p=0.048). In the multivariable model (Model 1) of variables reflective of disease severity, CD4+ count nadir greater than 500 cells/mm 3 was associated with a decreased odds of CIN2+ (AOR 0.61, 95% CI 0.38-0.97) compared to under 200 cells/mm 3 . In the multivariable model (Model 2) that included HIV-related variables reflective of current health status and stratified by HAART status, among HAART-naïve women, CD4+ count over 500 cells/mm 3 at the time of screening was associated with reduced odds of CIN2+ detection (AOR 0.42, 95% CI 0.22-0.80). Recent CD4+ count showed no association with CIN2+ in women on HAART, although duration of HAART had a small protective association (AOR 0.98 0.95-1.00). Combined oral contraceptives remained significantly associated with detection of CIN2+ in both models (AOR 1.72, 95% CI 1.08-2.73 among HAART naïve and AOR 1.84, 95% CI 1.20 -2.82 in those on HAART), while the association of progesterone implant use with increased odds of detecting CIN2+ appeared to be driven by women not on HAART (AOR 9.43, 95% CI 2.85-31.20). Models limited to women up to age 40 accorded with the results presented (not shown). The models using imputed data, adjusted for age, site, gravidity, partner status and education were not significantly different from the models with missing data (not shown).
Discussion
In this paper, we present data from a large cohort of HIV-infected women undergoing cervical cancer screening in a real-world clinical setting. In our program, 9% of women who underwent screening were diagnosed with CIN2+, including nine (0.3%) women with invasive cervical cancer. Our rate of disease detection was lower what has been reported among other cohorts of HIV-infected women in Africa, including a recent study out of Nairobi, 9-12 but still represents a significant proportion of the clinic population that would benefit from screening and treatment to prevent invasive cancer.
Studies in various settings have shown CIN2+ to be related to HIV-induced immunosuppression. 4, 19 The role and timing of HAART in mediating this relationship has been difficult to study and remains unclear. 20, 21 Various methods have been employed to characterize the long-term impact of pre-treatment immunosuppression among women on HAART, but experts disagree on the optimal way to measure the relative influence of clinical factors over time on the development of cervical dysplasia. A single CD4+ count at the time of screening is difficult to interpret among HAART users, as it may represent immune-recovery after development of CIN. Past studies have used CD4+ cell count at time of HIV diagnosis, CD4+ cell-count nadir and time since AIDS diagnosis as static proxy measures for disease severity in the era of HAART. 9, 22 None have shown a consistent association with CIN2+ among women on HAART, and in fact have made it difficult to conclusively determine that women on HAART are at lower risk of cervical dysplasia and cancer. 7, 19 Because of the complex interaction between HAART and other markers of immunosuppression, we explored several proxies of HIV disease progression before and after HAART initiation, including duration of time in care prior to HAART initiation, current CD4+ count (at cervical cancer screening) and CD4+ nadir. The results suggest a potential protective effect of higher CD4+ count nadir prior to HAART initiation, of higher recent CD4+ count among HAART-naïve women, and of longer duration of HAART among those on treatment, although the latter relationship showed only borderline significance. We intend to study this cohort longitudinally to better understand the interaction between HAART, immune status and the development and recurrence of CIN2+.
Another interesting finding from this cohort was the association between recent use of hormonal contraceptives (combined oral and progesterone implants) and detection of CIN2+. Previous studies have shown mixed results when assessing this question, and have not, to our knowledge, been performed in HIV-infected cohorts. 23, 24 Cross-sectional and retrospective studies looking at the relationship between CIN2+ and hormonal contraception, including this one, are limited by measured and unmeasured confounding. In addition, we only asked about contraceptive use within the past 90 days, which likely introduced non-differential misspecification into the results. While we cannot draw any conclusions, there is recent evidence that suggests a plausible biological mechanism to explain the relationship between hormonal contraceptive use and development of cervical dysplasia. 25 Given the widespread use of contraception and relatively high rate of CIN2+ in HIV-infected women, further prospective studies of this relationship are warranted.
This study is important because it is one of the first presentations of program data from cervical cancer screening within an HIV care and treatment program in sub-Saharan Africa. However, this study had several limitations. As these were data collected in a program setting, we were limited on the quality and completeness of some of the variables, reflective of both data management and clinical loss to follow-up. We performed data quality and consistency checks on the demographic and clinical variables, and used multiple imputation to address the missing data. The overall congruence of the imputed and complete case analyses suggest that the missingness was random. In addition, we were limited to outcomes collected for clinical care. Specifically, it would be interesting to see HPV distribution and contribution to disease in this population, however HPV testing was not part of the clinical protocol.
Cervical cancer remains a significant public health threat in many LMICs, especially among women living with HIV. Our experience screening women enrolled in an HIV care and treatment clinic shows that a relatively large number of women have precancerous lesions and are at risk for invasive cervical cancer. Given this high prevalence, HIV care and treatment programs would be efficient sites to screen and treat this population at high risk for cervical disease. Coupling screening modalities with effective treatment of precancerous lesions has the potential to positively impact a significant proportion of HIV-infected women in care. 
Novelty
This paper highlights findings from a large, clinic-based cohort of HIV-infected women undergoing primary cervical cancer screening. We found an association between current CD4+ count and cervical dysplasia only among women not on HAART. Among HAART users, it appears that pre-treatment nadir may be more predictive. Among all women, regardless of HAART use, hormonal contraceptives were associated with increased detection of cervical dysplasia, while progesterone implants increased risk only among HAART non-users. Multivariate models of predictors of CIN2+ adjusted for age and site For Model 1 (all women, using predictors reflective of disease severity), CD4+ count was overall nadir or nadir prior to HAART initiation. For Model 2 (stratified by HAART use, using predictors reflective of current HIV status), CD4+ count is from date of screening visit
